Mothers of preterm infants often produce insufficient amounts of breast milk (BM). Early initiation of BM expression following delivery is associated with increased lactation success, but lack of nursing time delays BM expression in this population. The purpose of this study is to determine if providing antenatal breast expression education to the support person (SP) of mothers at risk of preterm delivery is safe, feasible, and improves lactation success. To do so, twenty women at risk for delivering a preterm infant and their SP were randomized into two groups. Mothers and their SP in Group 1 received education regarding how to use a breast pump and a breast pump was placed into their hospital room. Group 2 received standard care. Data regarding BM volume produced, time to initiation of BM expression and time to onset of lactogenesis stage II was collected. Data was analyzed using Microsoft Excel by calculating means and performing t-tests. Results indicate that, while there was no difference in time to onset of lactogenesis stage II, mothers in Group 1 initiated BM expression 2.5 hours earlier than those in Group 2. Overall, BM production was higher in Group 1. We therefore conclude that prenatal lactation education of mothers of preterm infants and their SP is feasible and may increase lactation success. This study had a small sample size (n=19). Only mothers delivering 31-33 weeks gestation were included. This is a single-center study, which may limit generalizability.
Introduction
More than 1 in 10 infants are born prematurely (before 37 weeks gestation) each year (World Health Organization, 2017) . This amounts to approximately 15 million infants each year, and due to medical advancements, more infants are surviving (World Health Organization, 2017) . Preterm birth is the most common cause of infant death in the United States and has contributed to 34.3% of all infant deaths (Callaghan et al., 2006) . Death is most often due to complications of prematurity such as necrotizing enterocolitis (NEC), and sepsis. NEC is a devastating infection where bacteria erodes then kills the intestines. Treatment includes surgical resection of the damaged bowel, but this can leave the infant with malabsorption problems for life. NEC can also lead to sepsis, a life-threatening bloodstream infection. Given the severity of these complications, it is imperative that healthcare providers find ways to decrease the incidence and improve health outcomes for premature infants.
The use of BM for term infants is widely accepted as the optimal form of nutrition due to its nutritional, gastrointestinal, immunological, developmental, and psychological benefits (Callen and Pinelli, 2005) . BM has the ideal composition of amino acids, fatty acids, and carbohydrates, and has been shown to decrease the incidence of feeding intolerance (Callen and Pinelli, 2005) . BM for infant consumption is one of the national goals of Healthy People 2020.
More recently, BM has also become recognized as the gold standard for nutrition in premature infants. BM has illustrated persistent benefits 30 months after discharge from the NICU (Vohr et al., 2007) . Extremely Low Birth Weight (ELBW) infants show improved neurodevelopmental outcomes, such as improved cognition and emotional regulation; as well as fewer rehospitalizations when fed BM (Vohr et al., 2007) . BM offers especially important benefits to preterm infants in the NICU. For example, BM has been shown to reduce the incidence of NEC and death (Sisk et al., 2007; Meinzen-Derr et al., 2009; Parish and Bhatia, 2008) . Previously, there was some concern that BM was insufficient to meet the increased metabolic needs of very low birth weight (VLBW) infants because it is less nutrient dense than formula. However, BM can be fortified to address these concerns and still offer additional benefits not present in formula (Henderson et al., 2007) .
Despite the well-documented benefits of BM, only 50% of mothers of preterm infants are breastfeeding at the time of discharge from the NICU (Callen and Pinelli, 2005) . Mothers of premature infants face multiple significant barriers to breastfeeding, including: learning a new skill and establishing and maintaining a milk supply. Premature infants are often too weak to breastfeed, and too immature to coordinate the intricacies of sucking, swallowing and breathing simultaneously (Callen and Pinelli, 2005) . Therefore, mothers must stimulate their own BM expression for weeks to months before the infant is able to breastfeed (Callen and Pinelli, 2005) . This presents many unique challenges, as mothers must learn the new skill of BM expression while also coping with separation from their infant (Ikonen et al., 2016) .
In multiple studies, mothers of preterm infants cite inadequate BM supply as a primary barrier to breastfeeding (Callen and Pinelli, 2005; Ikonen et al., 2016) . In a qualitative study of 150 mothers of preterm infants, feelings of unfamiliarity, difficulty, frustration and loneliness were often experienced when attempting to express BM. Mothers also reported a lack of available breast pumps as a barrier to BM expression (Ikonen et al., 2016) . hours following delivery (Parker et al., 2012) . Delay in lactogenesis stage II is common in all mothers, with 22% to 31% of women entering this stage 72 hours after delivery. This is associated with decreased success in later lactation (Parker et al., 2012) . BM volume is correlated with gestational age, so mothers of preterm infants tend to produce significantly less BM than mothers of term infants (Parker et al., 2012) . Preterm delivery and a delay in breastfeeding have been associated with a later onset lactogenesis stage II (Parker et al., 2012) .
EFFECT OF PRENATAL LACTATION EDUCATION ON LACTATION SUCCESS FOR MOTHERS AT RISK OF PRETERM DELIVERY
Early initiation of BM expression following delivery and frequent expression thereafter is associated with increased lactation success (Callen and Pinelli, 2005; Parker et al., 2012) . The labor and delivery bedside nurse usually facilitates the initial BM expression session.
Unfortunately, inadequate staffing and lack of nursing time prevent the nurse from assisting the new mother in expressing BM sooner (Parker et al., 2018) . As a result, BM expression is delayed in this population.
One of the goals of this study was to empower women and their support person (SP) to begin BM expression without the intervention of a nurse. It is unknown whether providing education to the SP of mothers at risk of preterm delivery will improve lactation success.
Therefore, the purpose of this pilot study is to determine if providing antenatal breast expression education to the SP of mothers at risk of preterm delivery is safe, feasible, and improves lactation success.
Methods
This was a randomized control pilot study of 20 women at risk for delivering preterm Group) received standard care. They did not view the education video and were given a hospital grade breast pump after delivery but before discharge, per current hospital practice.
The SP was defined as whoever was going to be at the bedside with the mother during delivery. This could be a spouse or significant other, a family member, such as a mother or sister, or a close friend. Inclusion criteria were mothers expected to deliver an infant between 32 and 34 weeks gestation, mother and support person older than 18 years of age, English speaking, and mother's desire to breastfeed. Exclusion criteria were infant demise predicted to occur within 2 weeks of delivery, infants less than 32 weeks and less than 1500 grams, or infants greater than 34
weeks. Additional exclusion criteria were mothers who were HIV positive, non-English speaking, documented history of unlawful drug use or mammoplasty. One mother was removed from this study because she did not attempt to express BM.
BM volume was measured daily for 2 weeks by BM technicians, blinded to the group assignment, and who weighed all expressed BM. Time to lactogenesis stage II was determined by calculating time from delivery to production of greater than or equal to 20 mL of BM in 2 consecutive expression sessions. Data regarding time to first BM expression was collected from patient charts. Data was stored in Red Cap and analyzed using Microsoft Excel to calculate means and perform t-tests. Feasibility was determined by the ability of researchers to implement and collect data on this project within one year. No safety concerns were anticipated, and this was confirmed by no adverse outcomes for patients and their families related to the study.
Results
As depicted in Table 1 , the demographics for the two groups were very similar. Notice the average gestational age was identical for the two groups. Additionally, average maternal age and infant birth weight were very similar. As shown in Figure 1 illustrates that milk volumes fluctuated daily for both groups. Overall, the Education Group had higher milk volumes for the first week, but lower volumes towards the end of the second week. Table 3 shows that milk volume was higher for the Education Group for over 50% of days during the first week. By day 7 (D7), the Education Group had produced, on average, 135.9 mL more BM than the Standard Care Group. By D14, the gap closed, and the Education Group had produced on average 22.81 mL more than the Standard Care group. None of the data regarding differences amoung the milk volumes for the two groups were statistically significant (p< 0.05). In total, the Education Group had higher total milk volume for D1-14. 
Discussion
The aim of this pilot study was to discover if an antenatally delivered lactation education program for SP of mothers at risk of preterm delivery was safe and feasible. Moreover, the aim was to find if mothers whose SP received antenatal education would have increased lactation success. Namely, the aim was to find decreased time to first BM expression, decreased time to lactogenesis stage II, and increased milk volume.
Mothers whose SP received antenatal education began BM expression 2.5 hours earlier than the Standard Care Group. These results are encouraging since prompt BM expression following delivery is associated with increased lactation success (Parker et al., 2012) . However, regardless of education, mothers initiated expression much later than current standard care
(within 6 hours after delivery) and far from the 1 hour after delivery window to promote optimal BM supply (Parker et al., 2012) . Overall, BM production was higher on nearly every day in the first week for mothers in the education group. Since early BM volume is associated with adequacy of later milk volume, supporting mothers during the early postpartum period is vital (Parker et al., 2012) . Mothers in the Education Group also had higher total BM volume for the first two weeks. While not statistically significant, these findings may be clinically important in mothers at risk of insufficient BM production and for preterm infants who are consuming small quantities of BM.
EFFECT OF PRENATAL LACTATION EDUCATION ON LACTATION SUCCESS FOR MOTHERS AT RISK OF PRETERM DELIVERY
There were no adverse outcomes for patients or families related to the study; therefore the intervention is presumably safe. It was also very feasible to implement the education to a mother and her SP prenatally, rather than in the hectic time period post-delivery.
As this was a pilot study, it had a relatively small sample size (n=19). There was variability from mother to mother. Therefore, one outlier could have a large impact on the results. A larger sample size would accommodate for these differences and produce more transparent results. Furthermore, only mothers delivering 31-33 weeks gestation were included.
It could be beneficial to have full term infants (greater than 37 weeks' gestation) serve as a control group. Additionally, gestational ages under 31weeks would also benefit from increased availability of breast milk and should be considered for future studies. Lastly, this is a singlecenter study, which may limit generalizability.
Conclusion
The purpose of this pilot study was to determine if providing antenatal breast expression education to the support person of mothers at risk of preterm delivery is safe, feasible, and improves lactation success. The results suggest a prenatally delivered education program is safe for families and feasible for practitioners to implement. Additionally, the results show antenatal education of SPs of mothers at risk of delivering a preterm infant decreased time to initial BM expression. While not statistically significant, BM volume was increased on nearly every day for the first 7 days, which may be clinically significant for mothers with limited BM production.
Moreover, these findings are meaningful for nurses because they can intervene to educate patients on the use of a breast pump prior to delivery. Nurses should also be mindful to include the support person in the teaching. Lastly, these results are meaningful for patient care because new mothers with a support person should be empowered to improve their lactation success by acting to initiate BM expression soon after delivery.
